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(57) ABSTRACT

Provided is a semiconductor device including: a substrate; a
layer containing one or more kinds of polymer compounds on
the substrate; and an organic semiconductor layer in contact
with the layer containing the one or more kinds of polymer
compounds, in which at least one kind of the one or more
kinds of polymer compounds is a polymer compound having
one or more secondary or tertiary aliphatic amino groups,
wherein the one or more aliphatic amino groups of the poly-
mer compound having the aliphatic amino groups are bound
to at least one of a side chain or a branched chain, and wherein
said the layer containing the one or more kinds of polymer
compounds contains polysiloxane compounds. With the con-
stitution, a semiconductor device excellent in crystallinity
and orientation can be provided.

6 Claims, 1 Drawing Sheet
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SEMICONDUCTOR DEVICE WITH LAYER
CONTAINING POLYSILOXANE COMPOUND

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor device
having an organic semiconductor.

2. Description of the Related Art

The development of a thin film transistor using an organic
semiconductor has gradually become active since the latter
half of the 1980s. In addition, the basic performance of a thin
film transistor using an organic semiconductor has recently
exceeded the basic performance of a thin film transistor using
amorphous silicon. An organic material can be easily pro-
cessed in many cases, and often has a high affinity for a
flexible plastic substrate on which a thin film field effect
transistor (FET) is formed. Therefore, the organic material is
an attractive material for a semiconductor layer in a device
requested to have flexibility or a light weight. The following
organic semiconductor materials have been heretofore inves-
tigated. A first example is an acene-based compound such as
pentacene or tetracene disclosed in Japanese Patent Applica-
tion Laid-Open No. H05-55568. A second example is any one
of phthalocyanines each containing lead phthalocyanine dis-
closed in Japanese Patent Application Laid-Open No. HOS-
190877. A third example is a low-molecular weight com-
pound such as perylene or a tetracarboxylic acid derivative of
perylene. A fourth example is any one of: aromatic oligomers
typified by a thiophene hexamer referred to as c-thienyl or
sexithiophene disclosed in Japanese Patent Application Laid-
Open No. H08-264805; and polymer compounds such as
polythiophene, polythienylenevinylene, and poly-p-phenyle-
nevinylene. It should be noted that most of those materials are
described in Advanced Material, 2002, no. 2, p. 99 to 117.

Properties requested for producing a device using any one
of those compounds in its semiconductor layer such as non-
linear optical property, conductivity, and semiconductivity
largely depend on not only the purity of a material for the
device but also the crystallinity and orientation of the mate-
rial. An organic material showing good semiconductor prop-
erty is generally a compound with an expanded 7 conjugated
system. Meanwhile, a compound with an expanded 7 conju-
gated system is generally insoluble or hardly soluble in a
solvent. For example, pentacene has high crystallinity and is
insoluble in a solvent, so a pentacene thin film is generally
formed by employing a vacuum vapor deposition method. As
a result, a pentacene thin film showing a high field effect
mobility is obtained. However, when the vacuum vapor depo-
sition method is employed, the good processability of an
organic material is not sufficiently exerted because of, for
example, the large size of an apparatus for the method and a
long time period needed for the production of a film.

Meanwhile, there has been also reported an FET using a
film obtained by: forming a thin film of a soluble precursor for
pentacene through application; and transforming the precur-
sor into pentacene through a heat treatment (see US 2003/
0136964 Al).

Further, it has been reported that tetrabenzoporphyrin
obtained by heating porphyrin, in which a bulky bicyclo
[2.2.2]octadiene skeleton undergoes ring condensation, at
210° C. or higher can be used as an organic semiconductor
(speech proceedings 11 of the 81st spring annual meeting of
the Chemical Society of Japan, 2002, p. 990 (2F 9-14), Japa-
nese Patent Application [aid-Open No. 2003-304014, and
Japanese Patent Application Laid-Open No. 2004-6750).
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Although the field effect mobility of an organic semiconduc-
tor layer described in any one of those documents is high, the
high field effect mobility is realized merely on a silicon sub-
strate or a glass substrate identical to amorphous silicon or the
like. Meanwhile, the formation of an organic semiconductor
layer stably showing a high mobility even on a resin substrate
plays an important role in the realization of a flexible device
taking advantage of the characteristics of an organic material.

A known method of forming an organic semiconductor
layer stably showing a high mobility is a method involving
controlling an interface between a gate insulating layer and
the organic semiconductor layer. For example, in Japanese
Patent Application Laid-Open No. 2005-32774, the threshold
voltage of an organic semiconductor layer to be formed on a
gate insulating layer is controlled by causing a silane com-
pound having various substituents to chemically adsorb on
the gate insulating layer. In this case, a uniform interface can
be formed on an inorganic insulating layer made of SiO, or
the like, but it has been difficult to cause a silane compound to
chemically adsorb to the surface of an organic insulating
layer. In addition, Japanese Patent Application Laid-Open
No. 2005-509299 discloses a field effect transistor in which a
layer composed of polydimethylsiloxane is formed between a
gate insulating layer and an organic semiconductor layer.
However, no material allowing the formation of a uniform
polymer layer on an organic insulating layer and the forma-
tion of an organic semiconductor layer on the polymer layer
through application has been found. Further investigation
into the obtainment of an optimum crystalline orientation
with a view to increasing a carrier mobility is probably
needed for the obtainment of stable properties of an organic
semiconductor even on a flexible substrate.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a semi-
conductor device having an organic semiconductor layer pro-
vided with excellent crystallinity and excellent orientation. It
is another object of the present invention to provide a field
effect transistor with a high field effect mobility. In addition,
according to the present invention, there can be provided a
method of producing a semiconductor device with which the
above semiconductor device can be obtained through a
simple process.

According to one aspect of the present invention, there is
provided a semiconductor device including: a substrate; a
layer containing one or more kinds of polymer compounds on
the substrate; and an organic semiconductor layer in contact
with the layer containing the one or more kinds of polymer
compounds, in which at least one kind of the one or more
kinds of polymer compounds is a polymer compound having
one or more secondary or tertiary aliphatic amino groups,
wherein the one or more aliphatic amino groups of the poly-
mer compound having the aliphatic amino groups at least one
of a side chain and a branched chain, and wherein the layer
containing the one or more kinds of polymer compounds
contains polysiloxane compounds.

Here, only one kind of a polymer compound may be used,
or two or more kinds of polymer compounds may be used as
a mixture. In addition, only one kind of the respective poly-
mer compounds may have an aliphatic amino group, or two or
more kinds of the polymer compounds may each have an
aliphatic amino group. Each of the polymer compounds may
have multiple kinds of amino groups in itself. Of course,
neither use of a compound having a primary amino group nor
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use of a compound having no amino group is excluded as long
as the requirements described in the scope of claims are
satisfied.

Here, the term “polysiloxane compound” refers to a poly-
mer having a siloxane structure (—Si—O—). In addition, the
polysiloxane compounds to be used in the present invention
each preferably have an organic silane structure. In addition,
each of the polysiloxane compounds is preferably a polymer
compound having one or more secondary or tertiary aliphatic
amino groups. It is needless to say that each of the polysilox-
ane compounds may be used as a polymer compound except
a polymer compound having one or more secondary or ter-
tiary aliphatic amino groups.

In further aspect of the semiconductor device of the present
invention, at least one kind of the polysiloxane compounds
contains a structure represented by the following general
formula (1):

General formula (1)

R R3

| I
—(—O—Ti—O—Ti-)n—
R; R4

where R, to R, each represent a substituted or unsubsti-
tuted alkyl group or alkenyl group having 1 to 8 carbon atoms,
a substituted or unsubstituted phenyl group, or a siloxane
unit; R, to R, may be identical to or different from one
another; and n represents an integer of 1 or more.

The term “substituted or unsubstituted” as used in the
specification and the scope of claims means that a hydrogen
atom, methyl group, or methylene group in a group or unit of
interest may be substituted by any other atom or group.
Examples of the other atom or group include a halogen atom,
a hydroxyl group, a cyano group, a phenyl group, a nitro
group, a mercapto group, and a glycidyl group. When a
methyl group or a methylene group is substituted, the number
of carbon atoms refers to the number of carbon atoms after the
substitution (that is, the actual number of carbon atoms).

In further aspect of the semiconductor device of the present
invention, at least one kind of the polysiloxane compounds
contains one of a structure represented by the following gen-
eral formula (2) and a structure represented by the following
general formula (3):

General formula (2)

Ry Ro

I I
O—Ti O—Ti

(@] (@]

| |
O—Ti L O—Ti a

Rg Rig

where R, to R, each represent a substituted or unsubsti-
tuted alkyl group or alkenyl group having 1 to 8 carbon atoms,
or a substituted or unsubstituted phenyl group; R, to R, may
be identical to or different from each other; m and n each
represent an integer of O or more; and a sum of m and n
represents an integer of 1 or more;

w
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General formula (3)

Ry Rz

| |
—(—Ti—O-)p—(—Ti—O-)q—

Rpz Riyg

where R, to R, each represent a substituted or unsubsti-
tuted alkyl group or alkenyl group having 1 to 8 carbon atoms,
or a substituted or unsubstituted phenyl group; R | ; toR, , may
be identical to or different from each other; p and q each
represent an integer of 0 or more; and a sum of p and q
represents an integer of 1 or more.

The term “or” is a concept including the term “and”. There-
fore, it is needless to, say that the case where at least one kind
of the polysiloxane compounds has both the structure repre-
sented by the general formula (2) and the structure repre-
sented by the general formula (3) is also included in the
present invention.

In further aspect of the semiconductor device of the present
invention, at least one kind of the polysiloxane compounds
contains one or more of siloxane structures represented by the
following general formula (4), the following general formula
(5), and the following general formula (6):

General formula (4)

General formula (5)

General formula (6)

_(_Ti_oﬁt_

R3o

where R;s, Ri6, Rio, Rsg, Ras, Rys, Ryg, and R, each
independently represent a hydrogen atom, a substituted or
unsubstituted alkyl group, alkenyl group, or alkynyl group
having 1 to 12 carbon atoms, a benzyl group, a phenethyl
group, or a styryl group; any one combination of R, s and Ry,
R,sand R,,, R, and R,,, and R, 5 and R, may bind to each
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other to form a ring structure; one of R | 5 and R | ; represents a
substituent except a hydrogen atom; R, -, R,;, R,;5, R, and
R, each represent a divalent organic group which has 1 to 12
carbon atoms and which is not directly bound to an aromatic
ring; R 4, R,,, and R, each represent a hydroxyl group, a
substituted or unsubstituted alkyl group, alkenyl group, alky-
nyl group, or alkoxyl group having 1 to 12 carbon atoms, a
benzyl group, a phenethyl group, a styryl group, or a siloxane
unit; r, s, and t each represent an integer of 1 or more; and u
represents an integer of 2 or more.

In further aspect of the semiconductor device of the present
invention, at least one kind of the polysiloxane compounds
contains one or more of silsesquioxane structures each con-
taining a skeleton represented by any one of the following
general formula (7), the following general formula (8), and
the following general formula (9):

General formula (7)

General formula (8)

General formula (9)

|
N—Ryo
0
I|{41
N—Ry
\I/y ’
Ryz
_('%i_o‘)x_
|

e}

where R;;, R;,, Ry, Ris, Ryl Ryg, Ry, and R,, each
independently represent a hydrogen atom, a substituted or
unsubstituted alkyl group, alkenyl group, or alkynyl group
having 1 to 12 carbon atoms, a benzyl group, a phenethyl
group, or a styryl group; any one combination of R;, and R,
R;,and R, R;, and R;, and R4 and R, may bind to each
other to form a ring structure; one of R, and R, represents a
substituent except a hydrogen atom; R;;, Ry, Rig, Ry, and
R each represent a divalent organic group which has 1 to 12
carbon atoms and which is not directly bound to an aromatic
ring; v, w, and x each represent an integer of 1 or more, and y
represents an integer of 2 or more.
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In further aspect of the semiconductor device of the present
invention, the organic semiconductor layer is composed of a
low-molecular weight organic semiconductor.

In further aspect of the semiconductor device of the present
invention, the organic semiconductor layer is composed of
one of an acene-based compound and a porphyrin compound.

In further aspect of the semiconductor device of the present
invention, a surface opposite to a surface of the layer contain-
ing the one or more kinds of polymer compounds in contact
with the organic semiconductor layer is in contact with an
organic resin layer.

An appropriate combination of the foregoing characteris-
tics is also within the scope of the present invention.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments (with reference to the attached drawings).

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A, 1B and 1C are each a schematic sectional view
showing an example of a field effect transistor as a preferred
embodiment of the present invention.

DESCRIPTION OF THE EMBODIMENTS

According to the present invention, there can be provided a
semiconductor device excellent in crystallinity and orienta-
tion.

The present invention is additionally effective when a
semiconductor device is a field effect transistor because a
semiconductor device having a high field effect mobility can
be obtained.

Hereinafter, the present invention will be described in
detail by taking a field effect transistor as an example of a
semiconductor device. Itis needless to say that an effect of the
present invention is valid for not only a field effect transistor
but also a general semiconductor device. In addition, a
numeral provided for a member the description of which is
omitted in each figure to which reference is made indicates a
member having the same numeral as that provided for a figure
to which reference is made in the following description of the
present invention.

A field effect transistor according to this embodiment is a
device having at least an organic semiconductor, an insulator,
and conductors. The insulator is an insulating film (i.e., layer)
for covering the conductors serving as electrodes. The
organic semiconductor is an organic semiconductor layer that
responds to a stimulus (i.e., electric field) generated by the
conductor (i.e., electrode). To be specific, the organic semi-
conductor layer is a layer, the electrical characteristics of
which change with an electric field. To be more specific, the
organic semiconductor layer is a layer, the conductivity of
which, that is, the amount of a current passing through the
organic semiconductor layer, changes with a change in elec-
tric field.

FIG. 1A is a schematic sectional drawing showing an
example of the field effect transistor according to this
embodiment. Reference numeral 8 represents a substrate; 1, a
gate electrode; 2, a gate insulating layer; 3, a polymer com-
pound-containing layer; 4, a source electrode; 5, a drain elec-
trode; 6, an organic semiconductor layer; and 7, a sealing
layer. In the device, the gate electrode 1 is provided on the
surface of the substrate 8, the gate insulating layer 2 is pro-
vided on the gate electrode 1, the polymer compound-con-
taining layer 3 is provided on the surface of the gate insulating
layer 2, and the source electrode 4 and the drain electrode 5
are provided on a surface of the polymer compound-contain-



US 7,435,989 B2

7

ing layer 3 so as to be separated from each other. In addition,
the organic semiconductor layer 6 is provided on the source
electrode 4, the drain electrode 5, and the polymer com-
pound-containing layer serving as a separation region
between the electrodes, so as to be in contact with both the
electrodes 4 and 5. The gate insulating layer 2 is provided to
cover the gate electrode 1. Further, the organic semiconductor
layer 6 is covered with the sealing layer 7. The substrate 8 and
the sealing layer 7 may be interchanged with each other.

In the field effect transistor, when a voltage is applied to the
gate electrode, positive or negative charge is induced at a
region in the vicinity of an interface between the gate insu-
lating layer and the organic semiconductor layer. (In this way,
the region where charge is induced is called channel.) Further,
when a voltage is applied between the source electrode and
the drain electrode, charge moves between both the electrodes
through the channel, thereby generating a current. Therefore,
if charge is uniformly generated at the channel when a voltage
is applied to the gate electrode, barriers become small and
therefore charge can be moved efficiently when a voltage is
applied between the source electrode and the drain electrode,
thereby making the transistor exhibit a high field effect mobil-
ity.

The inventors of the present invention have made extensive
studies to find a method of forming an organic semiconductor
layer interface which allows charge to be uniformly generated
and allows the generated charge to move efficiently. As a
result, the inventors have found that, a specific polymer-
containing layer 3 is formed so as to be adjacent to the channel
(near the interface on the side of the gate insulating layer 2 of
the organic semiconductor layer 6 in FIG. 1A), whereby a
crystal which is uniform with little defects can be continu-
ously formed at the interface, so a high field effect mobility is
exhibited.

A field effect transistor as a preferred embodiment of the
present invention includes at least: a substrate; a layer con-
taining one or more kinds of polymer compounds on the
substrate; and an organic semiconductor layer in contact with
the layer containing the one or more kinds of polymer com-
pounds, in which at least one kind of the one or more kinds of
polymer compounds is a polymer compound having one or
more secondary or tertiary aliphatic amino groups.

The layer containing the one or more kinds of polymer
compounds of the present invention has only to contain a
polymer compound having one or more secondary or tertiary
aliphatic amino groups, and may contain two or more kinds of
polymer compounds as long as the layer maintains sufficient
uniformity. Examples of the case where the layer contains
two or more kinds of polymer compounds include: the case
where the layer simultaneously contains two or more kinds of
polymer compounds each having one or more secondary or
tertiary aliphatic amino groups; and the case where the layer
simultaneously contains one or more kinds of polymer com-
pounds each having one or more secondary or tertiary ali-
phatic amino groups and one or more kinds of polymer com-
pounds each having none of a secondary aliphatic amino
group and a tertiary aliphatic amino group. It is needless to
say that the other cases are also within the scope of the present
invention.

In the field eftect transistor as a preferred embodiment of
the present invention, a polymer layer containing a polymer
compound having one or more secondary or tertiary aliphatic
amino groups (herein after referred to as “A layer”) and the
organic semiconductor layer (hereinafter referred to as “B
layer”) are preferably laminated so that the layers are brought
into close contact with each other in part, or the entire surface,
of the device, that is, the transistor. Here, the term “close
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contact” refers to a state where the A layer and the B layer are
adjacent to each other with no gap at least partially. The
crystallization of the B layer is promoted by laminating the A
layer so that the A layer is brought into close contact with the
B layer, whereby the field effect transistor of the present
invention shows a high field effect mobility. Accordingly, the
A layer can be generally referred to as a crystallization pro-
moting layer. It should be noted that the term “crystallization
promoting layer” as used in the scope of claims and the
specification is defined as a layer that not only merely pro-
motes crystallization but also has such crystallization pro-
moting function as described later.

In addition, as described later, the use of a solvent-soluble
organic semiconductor material or organic semiconductor
precursor enables each of the A layer and the B layer to be
produced by using an applying step, so a device can be pro-
duced through a simple process.

It should be noted that, according to the present invention,
a base structure on which the A layer is formed (the structure
is generally a structure composed of a substrate, a gate elec-
trode, and a gate insulating layer. Note that, the gate insulat-
ing layer can be omitted in some cases, the structure can be
composed only of the substrate depending on a lamination
order, or other layers may be formed in the structure) may be
referred to as a substrate. In addition, according to the present
invention, the term “function of promoting crystallization”
refers to a function of promoting stabilization of crystal
grains (which may involve the movement and rotation of the
crystal grains) and/or bonding between the crystal grains. In
addition, according to the present invention, the term “crys-
tallization promoting layer” refers to a layer promoting sta-
bilization of crystal grains (which may involve the movement
and rotation of the crystal grains) and/or bonding between the
crystal grains.

Hereinafter, the B layer is formed on the A layer. However,
the present invention is not limited thereto. It is preferable to
form the B layer on the A layer from the viewpoint of impart-
ing an influence of the A layer during the formation of the B
layer.

A polymer compound of the present invention has only to
have one or more secondary or tertiary aliphatic amino
groups. An excessive carrier derived from an impurity and
present at an interface between the A layer and a gate insu-
lating layer can be trapped owing to an effect of the basicity of
an amino group. As a result, an off-state, current can be
suppressed, and an On/Off ratio can be increased. However, a
primary aliphatic amino group has high hydrophilicity.
Accordingly, when one attempts to obtain the effect, the
hydrophobicity of the surface of the A layer is lost, with the
result that a promoting, effect on the crystallization of the
organic semiconductor layer is lost. On the other hand, a
secondary or tertiary aliphatic amino group has high hydro-
phobicity because a nitrogen atom is substituted by a group
except hydrogen such as an alkyl group. Accordingly, amino
groups are not unevenly distributed on the surface of the A
layer, a reduction in hydrophobicity can be prevented, and an
excessive carrier migrating from the interface between the A
layer and the gate insulating layer can be trapped in the A
layer. As a result, a suppressing effect on an off-state current
becomes large. The secondary or tertiary aliphatic amino
group described here is a group represented by each of the
following formulae where R’s each represent an alkyl group,
an alkenyl group, an alkynyl group, or a substituent an aro-
matic ring of which is not directly connected to the nitrogen
atom of an amino group such as a benzyl group, a phenethyl
group, or a styryl group. More specifically, R’s may each
represent an arbitrary substituent unless R’s are directly con-
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nected to any one of a hydrogen atom, an aromatic ring, a
carbonyl group, and a sulfonyl group. In addition, R’s may
bind to each other to form a ring structure, or R’s may form a
double bond between them to provide an imino group. How-
ever, when R’s bind to each other to form a ring structure, an
aromatic heterocyclic ring such as a pyridine ring, a pyrazine
ring, or a triazine ring is excluded. One or more of R’s each
represent an organic group which is divalent or more, and an
amino group is incorporated into the molecular chain of a
polymer through the organic group. Suitable examples of the
remaining R includes, but not limited to, an alkyl group, an
alkenyl group, an alkynyl group, a benzyl group, a phenethyl
group, and a styryl group. It should be noted that the basicity
constant Kb of an amino group is preferably 1x1077 to 1x1072
because the amino group must have some degree of basicity
for suppressing an off-state current. Therefore, a polymer
compound having one or more secondary or tertiary aliphatic
amino groups is used in the A layer of the present invention.

H R

R—N—R R—N—R

Secondary amine Tertiary amine

The number of moles of a secondary or tertiary amino
group in 100 g of the polymer compound having an aliphatic
amino group of the present invention is preferably 0 0.003 or
more to 0.4 or less. When the number of moles is less than
0.003, secondary or tertiary amino groups are hardly uni-
formly present on the surface of the A layer, so the crystal
growth of the B layer may be nonuniform. When the number
of moles exceeds 0.4, the surface of the A layer is made
hydrophilic, so a crystallization promoting effect may be lost.

The polymer compound containing a secondary or tertiary
aliphatic amino group may additionally have a primary amino
group as long as the compound has one or more secondary or
tertiary aliphatic amino groups.

The polymer compound having an aliphatic amino group
of the present invention refers to an oligomer or polymer
having a number average molecular weight of preferably 200
or more. The number average molecular weight is more pref-
erably 500 or more to 1,000,000 or less. The structure of the
oligomer or polymer may be any one of a linear structure, a
cyclic structure, a branched structure, a ladder type structure,
a crosslinked structure, and a dendrimer structure, and these
structures can be arbitrarily combined.

The polymer compound having an aliphatic amino group
of'the present invention has only to have one or more second-
ary or tertiary aliphatic amino groups in at least one molecular
chain selected from a main chain, a side chain, or a branched
chain. Here, the case where the compound has an aliphatic
amino group in a branched chain refers to the case where it is
hard to determine which chain is a main chain or a side chain
such as the case where the polymer compound has a dendritic
structure.

Examples of a polymer compound having a secondary or
tertiary aliphatic amino group in the main chain include poly-
alkyleneamines such as polyethylene imine, and copolymers
of the polyalkyleneamines. In addition, the main skeleton of
apolymer compound having a secondary or tertiary aliphatic
amino group in a side chain can be selected from arbitrary
skeletons such as polyacrylate, polymethacrylate, polyvinyl
ether, polystyrene, polycycloolefin, polyether, polyester,
polyallylate, polyamide, polyamideimide, polyimide,
polyketone, polysulfone, polyphenylene, polysilicon, polysi-
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loxane, cyclic polysiloxane, and ladder type polysiloxane,
and copolymers obtained by combining these skeletons.
Examples of the main skeleton of a polymer compound hav-
ing a secondary or tertiary aliphatic amino group in a
branched chain include a polyamideamine dendrimer and
hyper-branched polyamide.

It is more preferable that one or more secondary or tertiary
aliphatic amino groups be bound to at least one of a side chain
and a branched chain. The presence of secondary or tertiary
aliphatic amino groups on at least one of a side chain and a
branched chain enables amino groups to be uniformly present
near the surface of the A layer upon formation of the A layer.
As aresult, both an excessive carrier derived from an impurity
at an interface between the A layer and the B layer and an
excessive carrier derived from an impurity and migrating
from the gate insulating layer can be efficiently trapped. In
addition, at least one of'a side chain and a branched chain each
having a secondary or tertiary aliphatic amino group exerts an
additional promoting effect on crystal growth.

A more preferable example of the polymer compound hav-
ing an aliphatic amino group of the present invention is a
polymer compound having a siloxane skeleton. The polymer
compound having a siloxane skeleton is a polymer having a
siloxane structure (—Si—O—) and an organic silane struc-
ture. That is, a polysiloxane compound may be a copolymer
with any other organic polymer or inorganic polymer as long
as the compound has those structures. In the case of a copoly-
mer with any other polymer, each of the siloxane structure
and the organic silane structure may be present in a main
chain, or may be present in aside chain owing to, for example,
graft polymerization. The combination of the siloxane struc-
ture (—Si—O—) and the organic silane structure can aid the
crystallization promoting effect of a secondary or tertiary
aliphatic amino group. It should be noted that the organic
silane structure is a structure in which Si and C are directly
bound to each other.

Potential examples of the structure of the polysiloxane
compound to be suitably used in the present invention include
various structures such as a straight-chain structure and a
cyclic structure. The polysiloxane compound of the present
invention more preferably has a highly crosslinked or
branched structure. The term “highly crosslinked or branched
structure” as used herein includes a network-like structure, a
ladder-like structure, a cage-like structure, a star-like struc-
ture, and a dendritic structure. There is no need to form the
crosslinked or branched structure through a siloxane struc-
ture, and a structure in which organic groups such as a vinyl
group, an acryloyl group, an epoxy group, and a cinnamoyl
group mutually crosslink is also included in the structure. In
addition, the structure may include a structure branched
through an organic group which is trivalent or more.

In the layer of the polysiloxane compound to be suitably
used in the present invention, amino groups can be uniformly
distributed in the polysiloxane compound by introducing a
secondary or tertiary aliphatic amino group into a highly
crosslinked or branched structure at the time of polymeriza-
tion. Further, unlike a monomolecular layer obtained by caus-
ing an active group on the surface of a base material to react
with octyltrichlorosilane, hexamethyldisilazane, aminopro-
pyltrialkoxysilane, or the like, the uniform distribution does
not depend on the state or shape of the surface of a substrate.
As aresult, an amorphous layer can be formed on a wide area.
Accordingly, the interface between the A layer and the B layer
becomes uniform in a wide range comparable to or larger than
at least a region in which a channel is formed. In addition, as
a result of coupling with an effect of the combination of the
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siloxane structure and the organic silane structure described
above, a continuously uniform crystal having a small number
of defects is formed.

The polysiloxane compound to be suitably used for the A
layer in the present invention has, for example, a structure
represented by the following general formula (1) and its main
chain is a siloxane unit and any one of its side chains is a
substituent having a hydrogen atom or an organic group such
as a carbon atom.

General formula (1)

Ry R;

| I
—(—O—Ti—O—Ti-)n—

R; R4

where R, to R, each represent a substituted or unsubsti-
tuted alkyl group or alkenyl group having 1 to 8 carbon atoms,
a substituted or unsubstituted phenyl group, or a siloxane
unit; R, to R, may be identical to or different from each other;
n represents an integer of preferably 1 or more, or more
preferably 5 or more to 100,000 or less, and it may be impos-
sible to form the A layer which is thin and uniform when n is
less than 5 or larger than 100,000.

Each of the substituents R to R, may be the siloxane units
such as those shown below.

R R R
R_LI_O_ —O—Li—O— —O—ll—O—
R Il{ (|)
|
(6]
—O—Li—O—
(6]

In the formulae, R’s each represent a substituted or unsub-
stituted alkyl group or alkenyl group having 1 to 8 carbon
atoms, a substituted or unsubstituted phenyl group, or a silox-
ane unit as shown above. R’s may be the same functional
group or may be different functional groups, respectively.

The shape of the polysiloxane may be of a linear structure,
a cyclic structure, a network-like structure, a ladder-like
structure, a cage-like structure, or the like, depending on the
kinds of substituents in the general formula (1). The polysi-
loxane to be used in the present invention may be of any ofthe
structures. It is preferable that the shape of the polysiloxane
be of the network structure, the ladder-like structure, or the
cage-like structure.

Particularly preferable as the polysiloxane compound to be
used for the A layer in the present invention is a polysiloxane
compound having at least a specific silsesquioxane skeleton
represented by the following general formula (2) and/or a
specific organosiloxane skeleton represented by the follow-
ing general formula (3).
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General formula (2)
Ry Ro
I I
O0—Si O0—Si
| |
e} e}
| |
O—Ti - O—Tl A
Rg Ryp

In the formula, R, to R, each represent a substituted or
unsubstituted alkyl group or alkenyl group having 1 to 8
carbon atoms, or a substituted or unsubstituted phenyl group.
R, to R, may be identical to or different from each other.
Integers m and n each represent an integer of O or more, and
the sum of m and n represents an integer of 1 or more. A
copolymerization form may be random copolymerization or
block copolymerization.

General formula (3)
Il{l 1 Il{ls
LR AV
Rz PRy 4

In the formula, R, to R, each represent a substituted or
unsubstituted alkyl group or alkenyl group having 1 to 8
carbon atoms, or a substituted or unsubstituted phenyl group.
R,; to R, may be identical to or different from each other.
Integers p and q each represent an integer of 0 or more, and the
sum of p and q represents an integer of 1 or more.

The polysiloxane compound may contain one or both of
the silsesquioxane skeleton represented by the general for-
mula (2) and the organosiloxane skeleton represented by the
general formula (6).

Inaddition, the substituents R, toR, jand R, , toR | , having
carbon atoms corresponding to the side chains of the silses-
quioxane skeleton and the organosiloxane skeleton each rep-
resent a substituted or unsubstituted alkyl group or alkenyl
group having 1 to 8 carbon atoms, or a substituted or unsub-
stituted phenyl group. Those substituents may be the same
functional group or may be different functional groups
depending on sites. Examples of such a functional group
include: an unsubstituted alkyl group such as a methyl group
or an ethyl group; an

unsubstituted phenyl group; and a substituted phenyl group
such as a dimethylphenyl group or a naphthyl group. The
substituents R, to R, , each may contain various atoms such as
an oxygen atom, a nitrogen atom, and a metal atom as well as
a carbon atom and a hydrogen atom.

The general formula (2) represents a structural formula
having a structure in which m silsesquioxane units (hereinaf-
ter, referred to as first units) each having the substituents R,
and Ry are repeated and a structure in which n silsesquioxane
units (hereinafter, referred to as second units) each having the
substituents R, and R, ; are repeated are connected. It should
be noted that integers m and n each represent an integer of O
or more, and the sum of m and n represents an integer of 1 or
more. The formula does not mean that the repeated first units
and the repeated second units are separated. Both the units
may be separately connected or may be connected while
being intermingled at random.

The general formula (3) shows a structural formula in
which p repetitive diorganosiloxane units each having the
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substituents R;; and R, (hereinafter referred to as “first
units”) and q repetitive diorganosiloxane units each having
the substituents R ; and R, , (hereinafter referred to as “sec-
ond units”) are connected. It should be noted that p and q each
represent an integer of 0 or more and the sum of p and q
represents an integer of 1 or more. However, this does not
mean that the repetition of the first units and the repetition of
the second units are separated from each other. Both units
may be connected to each other while being separated from
each other, or may be connected to each other while being
mixed with each other at random.

w

10

In addition, a secondary or tertiary amino group can be
introduced into the polysiloxane compound to be used in the
present invention when the compound contains at least one of
siloxane structures each represented by, for example, the
following general formula (4), the following general formula
(5), or the following general formula (6):

20
General formula (4)

25

General formula (5)
30

35

General formula (6)

| 45

_('Ti_o-)‘_ 50

Rso

where R, 5, R4, Ris Ryo, Russ Rus, Ry, and R4 each
independently represent a hydrogen atom, a substituted or
unsubstituted alkyl group, alkenyl group or alkynyl group
having 1 to 12 carbon atoms, a benzyl group, a phenethyl
group, or a styryl group; any one combination of R, s and Ry,
R,sand R,,, R, 5 and R,,, and R, 5 and R, may bind to each
other to form a ring structure; one of R | 5 and R | ; represents a
substituent except a hydrogen atom; R, -, R,;, R,;5, R, and
R, each represent a divalent organic group which has 1 to 12
carbon atoms and which is not directly bound to an aromatic
ring; R,5, R,,, and R;, each represent a hydroxyl group, a
substituted or unsubstituted alkyl group, alkenyl group, alky-
nyl group, or alkoxyl group having 1 to 12 carbon atoms, a
benzyl group, a phenethyl group, a styryl group, or a siloxane

55

60
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unit; r, s, and t each represent an integer of 1 or more; and u
represents an integer of 2 or more.

A polysiloxane compound containing at least one of sils-
esquioxane structures each represented by the following gen-
eral formula (7), the following general formula (8), or the
following general formula (9) is particularly preferably used
in the A layer:

General formula (7)

General formula (8)

General formula (9)

|
N—Ry4o
A
I|{41
\I\|'T/_YR42
I|{43
_('Ti_o‘)x_
|

e}

where R;;, Rs,, Riu Ris, Ryy, Ryo, Ry, and R,, each
independently represent a hydrogen atom, a substituted or
unsubstituted alkyl group, alkenyl group, or alkynyl group
having 1 to 12 carbon atoms, a benzyl group, a phenethyl
group, or a styryl group; any one combination of R;, and R,
R;, and R55, Ry, and Ry, and R, and R, may bind to each
other to form a ring structure; one of R, and R, represents a
substituent except a hydrogen atom; R;;, Ry6, Ri5, Ry, and
R each represent a divalent organic group which has 1 to 12
carbon atoms and which is not directly bound to an aromatic
ring; v, w, and X each represent an integer of 1 or more; and y
represents an integer of 2 or more.

One kind of those polysiloxane compounds can be used
alone, or multiple kinds of them can be blended before use. In
addition, one polysiloxane compound may have multiple
kinds of the above units. In addition, one or more polysilox-
ane compounds may be blended with any other polymer
compound or low-molecular weight compound.

Hereinafter, a method of forming the A layer of the present

invention from the above polysiloxane compound will be
described.
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A preferable example of the A layer in the present invention
is a layer mainly containing a polysiloxane compound having
at least one of such silsesquioxane skeleton as represented by
the general formula (2) and such organosiloxane skeleton as
represented by the general formula (3). Examples of a method
of forming such layer include a method involving: applying,
onto a substrate, a solution containing polyorganosilsesqui-
oxane compounds represented by the following general for-
mula (10) and the following general formula (11) or one of the
formulae and/or polyorganosiloxane compounds represented
by the following general formula (12) and the following gen-
eral formula (13) or one of the formulae; and drying the
applied film under heat. The examples further include a
method involving: applying, onto a substrate, a sol obtained
by hydrolyzing a silicon monomer in which the numbers of
repetition a, b, ¢, and d each represent 1 among the com-
pounds represented by the following general formulae (10),
(11), (12), and (13); and drying the applied sol under heat.

In the former method involving drying the applied film
under heat, the polyorganosilsesquioxane compounds repre-
sented by the general formula (10) and the general formula
(11) are condensed by a dehydration or dealcoholization reac-
tion to be connected in a ladder fashion. On the other hand, the
polyorganosiloxane compounds represented by the following
general formula (12) and the following general formula (13)
are similarly condensed by a dehydration or dealcoholization
reaction to provide an increased molecular weight. At this
time, however, the temperature at which the applied film is
dried is not so high that organic matter completely disappears.
Accordingly, a raw material compound obtains not a com-
plete silica structure but a silsesquioxane skeleton or orga-
nosiloxane skeleton as represented by the general formula (2)
or (3) in which most part of substituents remain.

The polyorganosilsesquioxane compounds represented by
the general formulae (10) and (11) and the polyorganosilox-
ane compounds represented by the general formulae (12) and
(13) may be those commercially available. Those polyorga-
nosilsesquioxane compounds and the polyorganosiloxane
compounds may be synthesized via reactions represented by
the following reaction formulae (14) and (15).

Reaction formula (14)

+3nH,0 -3/2nH,0
nR'Si (OR")3 m’ nR'Si (OH); —— [R'SiOsnh
Reaction formula (15)
+2nH,O -nH,O
nR',Si (OR"), m’ nR',Si (OH), —> [R5Si0],

The above-mentioned reaction formulae (14) and (15) will
be described. A trifunctional organic silicon monomer and/or
a bifunctional organic silicon monomer each having an
organic group R' are/is hydrolyzed in a solvent such as alco-
hol to produce a silanol compound. The silicon monomer
shown in the above-mentioned reaction formulae is an alkox-
ide from which R"OH is eliminated by hydrolysis. A chloride
of the silicon monomer may also be used, however, in this
case, hydrogen chloride is generated as an eliminated com-
ponent. The silanol compound obtained by hydrolysis is fur-
ther subjected to dehydration condensation through heating
or the like to produce a polyorganosilsesquioxane compound
and a polyorganosiloxane compound. Removal of the sol-
vent, a catalyst, and the like leads to the isolation of the
polyorganosilsesquioxane compound and the polyorganosi-
loxane compound as solids. The structures, molecular
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weights, kinds of terminal groups, and the like of the resultant
compounds can be changed by a catalyst, a solvent, a pH, a
concentration, and the like employed at the time of the reac-
tions.

General formula (10)

Ry
I
R440 Ti_o Rys
|
R4s0—X8i—O07-Ry;
Rg

where R, and Ry each represent a substituted or unsubsti-
tuted alkyl group or alkenyl group having 1 to 8 carbon atoms,
or a substituted or unsubstituted phenyl group; R, and Rg may
be identical to or different from each other; R, to R,, each
represent an alkyl group having 1 to 4 carbon atoms or a
hydrogen atom; and a represents an integer of 1 or more.

General formula (11)
Ry
|
Ry4s0 TI_O Rso
|
R490 TI_O b R51
Rg

where R, and R, each represent a substituted or unsubsti-
tuted alkyl group or alkenyl group having 1 to 8 carbon atoms,
or a substituted or unsubstituted phenyl group; R, and R,
may be identical to or different from each other; R,; to Ry,
each represent an alkyl group having 1 to 4 carbon atoms or a
hydrogen atom; and b represents an integer of 1 or more.

General formula (12)
Il{u
Rszo~€Ti—o>70R53
Ri2 ¢

where R,, and R, each represent a substituted or unsub-
stituted alkyl group or alkenyl group having 1 to 8 carbon
atoms, or a substituted or unsubstituted phenyl group; R, ; and
R,, may be identical to or different from each other; R, and
Rs; each represent an alkyl group having 1 to 4 carbon atoms
or a hydrogen atom; and ¢ represents an integer of 1 or more.

General formula (13)
Il{ls
R540~671—0570R55
d
Rig

where R, ; and R, each represent a substituted or unsub-
stituted alkyl group or alkenyl group having 1 to 8 carbon
atoms, or a substituted or unsubstituted phenyl group; R | ; and
R,, may be identical to or different from each other; R, and
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R eachrepresent an alkyl group having 1 to -4 carbon atoms
or a hydrogen atom; and d represents an integer of 1 or more.

The method involving applying a sol obtained by hydro-
lyzing a silicon monomer onto a substrate and drying the
applied sol under heat will be described. The silicon mono-
mer described herein includes the trifunctional silicon mono-
mer shown in the general formulae (16), (17), (18), and (19)
and/or the bifunctional silicon monomer shown in the reac-
tion formulae (20) and (21), which are/is stirred in a solvent in
the coexistence of water at room temperature or under heat,
whereby sol is prepared through hydrolysis and dehydration
condensation reactions similar to those in the reaction formu-
lae (14) and (15). Heating of the applied film of the resultant
sol leads to condensation of silanol and unreacted alkoxides
through a dehydration or dealcoholization reaction. Thus, a
dense silsesquioxane or organosiloxane skeleton such as one
represented by the general formula (2) or (3) is formed.

General formula (16)
Ry

|
R550_ Si— OR55
ORsg
Generla formula (17)

Rg

I
R570_ Si— OR57

ORs;
General formula (18)
I
R560—Si—ORsg
Generla formula (19)
Rio

I
R590_ Si— OR59

ORso

where R, to R, each represent a substituted or unsubsti-
tuted alkyl group or alkenyl group having 1 to 8 carbon atoms,
or a substituted or unsubstituted phenyl group; R, to R, , may
be identical to or different from each other; and R4 to Ry,
each represent an alkyl group having 1 to 4 carbon atoms or a
hydrogen atom.

General Formula (20)
Ry

RpO=Si—OR¢p

Rpz

General Formula (21)
Ri3

RmO—Ti—ORm

Rig

where R, to R, , each represent a substituted or unsubsti-
tuted alkyl group or alkenyl group having 1 to 8 carbon atoms,
orasubstituted or unsubstituted phenyl group; R, toR | , may
be identical to or different from each other; and R, and R,
each independently represent an alkyl group having 1 to 4
carbon atoms or a hydrogen atom.
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Representative examples of a silicon monomer that can be
used for preparing a sol include a trifunctional silicon mono-
mer and a bifunctional silicon monomer. Examples of the
trifunctional silicon monomer include methyltrimethoxysi-
lane, methyltriethoxysilane, ethyltrimethoxysilane, ethyltri-
ethoxysilane, butyltrimethoxysilane, vinyltrimethoxysilane,
3-aminopropyltriethoxysilane, and phenyltrimethoxysilane.
Examples of the bifunctional silicon monomer include dim-
ethyldimethoxysilane and diphenyldimethoxysilane.

In addition, a small amount of fluorine-containing silicon
monomer such as trifluoropropyltrimethoxysilane, heptade-
cafluorodecyltrimethoxysilane, or tridecafluorooctyltri-
methoxysilane can be added.

Water is preferably added upon preparation of a sol. The
pH of a solution changes depending on the concentration of
anamino group inthe polymer of the present invention and on
the addition amount of water, whereby the hydrolysis of a
monomer is promoted. The addition amount of water is 0.1 to
20 equivalents with respect to an OR" group of the monomer
in the reaction formula (14) or the reaction formula (15).

In addition, a polyorganosilsesquioxane compound repre-
sented by the general formula (10) or the general formula
(11), a polyorganosiloxane compound represented by the
general formula (12) or the general formula (13), and a silicon
monomer in the reaction formula (14) or the reaction formula
(15) can be used as a mixture in this case, as in the case of the
preparation of a sol, water can be added. The addition amount
of'water is preferably 0.1 to 20 equivalents with respect to an
OR" group of the monomer.

Further, a tetrafunctional silicon monomer such as tet-
ramethoxysilane or tetraethoxysilane can be used in combi-
nation for improving application property or solvent resis-
tance after heating.

A method of introducing a secondary or tertiary amino
group into the above polysiloxane compound of which the A
layer of the present invention is formed will be described.

The general formulae (4), (5), and (6) each represent a
structure in polysiloxane of which the A layer is formed, and
the polysiloxane preferably contains at least one of the struc-
tures each represented by any one of the general formulae (4),
(5), and (6). Ry5, Ry, Ryg, Ryg, Rpsy Rys, Rog, and R, may
represent substituents different from each other, and R, 5 and
R, R;s and R,, or R,5 and R, may bind to each other to
form a ring structure; provided that one of R, 5 and R, rep-
resents a substituent except a hydrogen atom. When the pol-
ysiloxane contains two or more structures each represented
by any one of the general formulae (4), (5), and (6), the
polysiloxane can contain two or more different kinds of struc-
tures.

A structure represented by any one of the general formulae
(4), (5), and (6) can be introduced into the polysiloxane of
which the A layer of the present invention is formed by using
a silane compound represented by any one of the following
general formulae (22), (23), and (24):

General formula (22)

RGZO—Si—OR&

Res
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-continued
General formula (23)

Res
General formula (24)

I|{29
ResO— Ti —ORgs

Re7

where Ri5, Ri6 Rio, Ryg, Rusy Rys, Ryg, and R, each
independently represent a hydrogen atom, a substituted or
unsubstituted alkyl group, alkenyl group, or alkynyl group
having 1 to 12 carbon atoms, a benzyl group, a phenethyl
group, or a styryl group; any one combination of R, s and R,
R,sand R,,, R, 5 and R,,, and R, 5 and R, may bind to each
other to form a ring structure; one of R, s and R, ; represents a
substituent except a hydrogen atom; R, -, R,,, R,;5, R,,, and
R, each represent a divalent organic group which has 1 to 12
carbon atoms and which is not directly bound to an aromatic
ring; Re,, Rey, and R4 each represent an alkyl group having
1 to 4 carbon atoms or a hydrogen atom; R, Ry, and R
each represent a hydroxyl group, a substituted or unsubsti-
tuted alkyl group, alkenyl group, alkynyl group, or alkoxyl
group having 1 to 5 carbon atoms, or substituted or unsubsti-
tuted phenyl group; r, s, and t each represent an integer of 1 or
more; and u represents an integer of 2 or more.

A method of forming the A layer of the present invention
from polysiloxane having a structure represented by any one
of the general formulae (4), (5), and (6) is similar to the
method of forming the A layer composed of a polyorganosils-
esquioxane compound represented by the general formula (2)
or of a polyorganosiloxane compound represented by the
general formula (3). To be specific, the following two meth-
ods can be exemplified. One method involves: mixing at least
one kind of a compound among the silane compounds each
represented by any one of the general formulae (22), (23), and
(24) with a polyorganosilsesquioxane compound represented
by the general formula (12) and/or a polyorganosiloxane
compound represented by the general formula (13) in a sol-
vent; applying the resultant solution onto a substrate; and
drying the applied solution under heat. Another method
involves: applying, onto a substrate, a sol obtained by hydro-
lyzing a solution prepared by mixing at least one kind of a
compound among the compounds each represented by any
one of the general formulae (22), (23), and (24) with any other
silicon monomer; and drying the applied sol under heat.

The silane compounds each represented by any one of the
general formulae (22), (23), and (24) can be roughly classi-
fied into a trifunctional silane monomer in which Rg;, Rgs,
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and R, each represent a hydroxyl group or an alkoxyl group
and a bifunctional silane monomer in which R, R¢5, and R,
each represent neither a hydroxyl group nor an alkoxyl group.
Suitable examples of the trifunctional silane monomer
include, but not limited to, the following monomers

H3CO OCH;3
§ N
1
~ \/\/ \OCH3
OCH3;
Si—OCH
/\ /\/ | 1 3

OCH;
H;CO  OCH;

N si
1
PO

H;CO OCH;

N Si
1
N P N e \OCH3

H:CO  OCH;
i \S,/
1
/\/ \/\/ \OCH3
H:CO  OCH;
i \S,/
1
\/\/ \OCH3
| H;CO OCH;
N \S'
1
NN ~ocH;
H:CO  OCH;
N \S/
1
\/\/ \OCH3
| H;CO  OCH;
N \S/
1
HO/\/ \/\/ \OCH3
/\ H;CO OCH;
R N\/\/Si
\ / SOCH;
H;CO  OCH;
N Si
1
HzN/\/ \/\/ \OCH3
OCH;
H,N % Si—OCH
—
N NN N }
OCH;
H;CO OCH;

H,N g Si
NN TN TN
SOCH;

H;CO OCH;
\/
N
H
H3CO OCH;
N S/
1
/\/ ~NTN OCH3

H3CO OCH;
\ /

N Si
\ e NN NocH,

Si
SocH;
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-continued
H;CO OCH;
\/

N % % Si
2 \/\/ \/\/ \/\/ !
~OCH;

Suitable examples of the bifunctional silane monomer
include, but not limited to, the following monomers.

OCH;
g \
1

SN SocH,

| \ /OCH2CH3

N\/\/ St
-~ S OCH,CH;

OCH;

\/
< :N/\/ ~NocH;
OCH
N \S/ 3
SN ~ocH,

OCH,
H
N\/\/ St

N N Socn,

I\ OCH;
HN N \Si/
\ / \/\/ \O CH;

A heat treatment temperature in the case where the A layer
of the present invention is formed from the polysiloxane is
preferably 120° C. or higher, or more preferably 140 to 230°
C. When heating is performed at lower than 120° C., a
hydrolysis reaction may be insufficient.

The pure water contact angle of the surface of the A layer of
the present invention is in the range of preferably 70 to 95°, or
more preferably 75 to 90°. When the contact angle is less than
70°, a promoting effect on the crystal growth of the B layer is
small, so sufficient transistor property may not be obtained. In
addition, when the contact angle exceeds 95°, adhesiveness
between the A layer and the B layer significantly reduces, so
the layers peel off each other in some cases, and, in the case
where the B layer is formed through the application of a
solution, the solution is repelled and cannot be applied in
some cases.

Inthe course of a crosslinking reaction or of the removal of
a solvent, a stabilizer that does not evaporate, volatilize, or
burn out in the temperature region in which the reaction or the
removal is performed is removed from a solution system to
the extent possible.

Any one of solvents such as alcohols and esters can be used
as the solvent of a solution to be applied. It is desirable that a
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solvent be selected in consideration of, for example, wetta-
bility with respect to a substrate in order that a reaction may
be promoted.

A method of applying a raw material solution of the A layer
is not particularly limited. The application is performed by
means of any one of the conventional coating methods such as
a spin coating method, a cast method, a spray coating method,
a doctor blade method, a die coating method, a dipping
method, a printing method, an inkjet method, and a dropping
method. Examples of the printing method include screen
printing, offset printing, gravure printing, flexographic print-
ing, and microcontact printing. Of those application methods,
the spin coating method, the dipping method, the spray coat-
ing method, and the inkjet method are preferable because an
application amount can be controlled so that a film having a
desired thickness is formed. In addition, it is important that no
dust and the like are mixed into an application solution to the
extent possible to retain insulation properties in the obtained
film, so it is desirable that a raw material solution be filtrated
with a membrane filter in advance.

The thickness of the A layer is preferably 1 nm or more to
100 nm or less. It is more preferable that a liquid concentra-
tion be adjusted in such a manner that the thickness is 3 to 50
nm. When the thickness is less than 1 nm, a uniform film is
hardly obtained, so a mobility may reduce. On the other hand,
when the thickness exceeds 100 nm, an apparent dielectric
substance thickness increases, so an additionally high driving
voltage may be needed.

Before the A layer is applied, the surface of the substrate
may be modified by means of, for example, an ultrasonic
treatment with an alkali solution or irradiation with UV for
improving the wettability of the surface of the substrate.

Next, a preferred embodiment of the B layer of the present
invention will be described. A component of the B layer may
be a low-molecular weight compound or a polymer com-
pound as long as the component is a compound showing
organic semiconductor property.

From the viewpoint of the fact that the B layer having high
crystallinity can be obtained as a result of coupling with the
crystallization promoting effect of the A layer, the component
of the B layer is more preferably a low-molecular weight
organic semiconductor having a molecular weight of 2,000 or
less.

Examples of the low-molecular weight compound include
anacene-based compound, a thiophene oligomer derivative, a
phenylene derivative, a phthalocyanine compound, a porphy-
rin compound, and a cyanine dye. Examples of the polymer
compound include a polyacetylene derivative, a poly-
thiophene derivative, and a polyphenylenevinylene deriva-
tive. The B layer preferably contains an acene-based com-
pound or a porphyrin compound in order that a transistor
having a particularly high mobility may be obtained.

Examples of the acene-based compound are shown below,
but the compound of the present invention is not limited to
these examples.
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-continued

90000100006
\N N/ \ 2"

A porphyrin compound is preferably a porphyrin com-
pound represented by the following general formula (25):

General formula (25)

Ryg
Reo Rzo
Ry
Reg
Ry Ry
Rys R7n
Ry Ry
Rzs

where R, to R each independently represent at least one
kind selected from a hydrogen atom, a halogen atom, a
hydroxyl group, and an alkyl group, oxyalkyl group, thioalkyl
group, or alkylester group having 1 or more to 12 or less
carbon atoms; R, to R, 5 may be identical to or different from
each other; Rgg and Rgo, R/ gand R, , R, and R 5, 0r R, and
R,5 may bind to each other to form an aromatic ring;
examples of an aromatic ring to be formed include a benzene
ring, a naphthalene ring, and an anthracene ring; any formed
aromatic ring may have a substituent, or may be coupled with
any other porphyrinring; R, may represent a hydrogen atom,
or may represent a group such as an alkyl group, an alkoxyl
group, or a halogen atom; X represents a hydrogen atom or a
metal atom; examples of X include various metals such as H,
Cu, Zn, Ni, Co, Mg, and Fe, and atomic groups such as AICl,
TiO, FeCl, and SiCl,; X, which is not particularly limited,
particularly preferably represents two hydrogen atoms or a
copper atom; when X represents two hydrogen atoms, a non-
metal porphyrin compound is obtained; and an example of the
compound is a compound represented by the following gen-
eral formula (29).

Examples of a porphyrin compound are shown below.
Unsubstituted, non-metal structures are mainly shown, but a
substituent, a central metal, and a central atomic group are not
limited. Of course, the compound of the present invention is
not limited to these examples.

20

25

30

35

40

45

50

55

60

65

(I L)

0 UTU

JTa O

24









US 7,435,989 B2

29

-continued

Each ofthose acene-based compounds and porphyrin com-
pounds can be formed into a film by means of a general
approach such as a vacuum vapor deposition method, a dis-
persion application method, or a solution application method
on the substrate on which the A layer has been formed. Of
those, the solution application method is preferable.

The B layer is preferably formed by the solution applica-
tion method via a solvent-soluble precursor. An application
method is not particularly limited. Application can be per-
formed by a conventional coating method such as a spin
coating method, a cast method, a spray application method, a
doctor blade method, a die coating method, a dipping method,
a printing method, an ink jet method, or a dropping method.
Examples of the printing method include screen printing,
offset printing, gravure printing, flexographic printing, and
microcontact printing. Of those application methods, the spin
coating method, the dipping method, the spray application
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method, and the ink jet method are preferable because the
amount of a solution to be applied can be controlled and a film
having a desired thickness can be formed. In general, an
organic semiconductor crystal layer is formed by: dissolving
a precursor in a solvent; forming a coating film by the appli-
cation of the solution; and subjecting the resultant to, for
example, heating. The precursor, which is a compound hav-
ing a bulky substituent, is preferably transformed into an
organic semiconductor compound having high planarity in
association with the elimination of a bulky substituent part.
With the method, compatibility between the application of a
solution and the formation of the B layer having high crys-
tallinity can be achieved. In addition, in view of, for example,
the fact that an elimination reaction is completed and an
elimination component vaporizes and hardly remains, a retro
Diels-Alder reaction is preferably used because the reaction
facilitates the use of an application process.

The term “Diels-Alder reaction” as used herein refers to an
organic chemical reaction in which a double bond referred to
as a dienophile is added to a conjugated diene to produce a
cyclic structure. The retro Diels-Alder reaction is the reverse
reaction ofthe Diels-Alder reaction, and is a reaction in which
a cyclic structure formed by the Diels-Alder reaction is trans-
formed into a conjugated diene and a dienophile.

For causing the retro Diels-Alder reaction, energy is suit-
ably applied by means of, for example, heating, ultraviolet
light, visible light, infrared light, an X ray, an electron beam,
or irradiation with laser. Two or more of those energy appli-
cation methods can be combined. That is, those application
methods can be combined and used simultaneously or
sequentially.

A bicyclo skeleton is generally used as a substituent for use
in a precursor that can be subjected to the retro Diels-Alder
reaction. Examples of the bicyclo skeleton are shown in reac-
tion formulae (26) to (28):

Reaction formula (26)

R77 R

HC=CH

where R, and R each independently represent a hydro-
gen atom, a halogen atom, a hydroxyl group, an alkyl group,
an alkoxyl group, or the like; and R, and R, may bind to
each other to form a ring structure.

Reaction Formula (27)

/COOC2H5
o N
N ﬁ TOOCZHS
S=N
Y A
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Reaction Formula (28) -continued

o==c==c==oT <;I'\ “'I‘
/A ——
hv
10
The retro Diels-Alder reaction shown in each of the reac-
tion formula (26) and the reaction formula (27) is mainly
caused by heat, and the reaction shown in the reaction formula

(28) is mainly caused by irradiation with light. 15 ‘ f
Examples of an organic semiconductor precursor having a O Q

O

bicyclo skeleton shown in any one of the reaction formulae
(26) to (28) (hereinafter referred to as “bicyclo body”) are
shown below.
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-continued
O

A preferable method of producing the B layer when a
bicyclo body is used as a precursor involves: dissolving the
bicyclo body in an organic solvent; applying the solution to
the base material on which the A layer has been formed; and
subjecting the resultant to heating and/or irradiation with
light to produce a crystallized film of an organic semiconduc-
tor compound.

It is sufficient that the A layer and the B layer be brought
into close contact with each other at least partially. Any other
device component such as an electrode may be partially
present between the A layer and the B layer.

The surface of the A layer may be modified by means of a
general approach as required before the B layer is applied.

In addition, a precursor solution is desirably filtered by
using a filter such as a membrane filter in advance in order that
dust or the like may be prevented from being mixed in a
semiconductor layer to the extent possible. This is because
the mixing of insoluble matter or dust from the outside inhib-
its uniform orientation and causes an increase in off-state
current or a reduction in ON/OFF ratio in some cases. In
addition, upon application of a bicyclo body, predrying can be
performed at a temperature of, for example, 130° C. or lower.

A bicyclo skeleton formed by application causes a retro
Diels-Alder reaction owing to heating and/or irradiation with
light, and is transformed into an aromatic ring (benzo body) in
association with the elimination of an elimination component
as shown in each of the reaction formulae (26) to (28). Crystal
growth due to stacking of organic semiconductor molecules
occurs simultaneously with the production of the aromatic
ring, whereby a crystallized film of an organic semiconductor
compound is obtained. When an elimination reaction is per-
formed only by heating, heating at 140° C. or higheris needed
in most cases. A heating temperature for obtaining an addi-
tionally high field effect mobility is in the range of preferably
150 to 280° C., or more preferably 170 to 230° C. When the
temperature is lower than 150° C., a crystallized film in which
crystal growth is sufficient cannot be obtained in some cases.
When the temperature exceeds 280° C., cracking may occur
owing to abrupt film contraction.

Heating is generally performed, for example, on a hot plate
or in an oven with internal air circulation or a vacuum oven,
but a heating method is not limited. A method involving
performing heating on a hot plate instantaneously is prefer-
able for obtaining uniform orientation. In addition, heating by
using an infrared lamp or the like is also permitted.

On the other hand, when an elimination reaction occurs
owing to irradiation with light like the reaction shown in the
reaction formula (28), light having a wavelength of300to 500
nm is preferably applied. When light having a wavelength of
less than 300 nm is applied, a side reaction except a desired
elimination reaction may occur. When light having a wave-
length of 500 nm or more is applied, a reduction in transistor
property may occur owing to a side reaction such as the
oxidation of a produced organic semiconductor.
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A high-pressure mercury lamp, a low-pressure mercury
lamp, a metal halide lamp, a xenon lamp, xenon flash light, an
XeCl excimer lamp, or the like can be used as a light source
upon irradiation with light. Any one of various optical filters
and heat cut-off filters can be used in a state where the filter is
sandwiched between the light source and the B layer of the
present invention in order that only a wavelength needed for
irradiation may be used, radiation intensity may be adjusted,
or heat from the light source may be cut off.

In addition, crystallization can be promoted by performing
heating simultaneously with or after irradiation with light. A
heating temperature for obtaining an additionally high field
effect mobility is in the range of preferably 50 to 180° C., or
particularly preferably 80 to 150° C.

In addition, a rubbing treatment in which a coating film
before heating is lightly rubbed with a cloth or the like can be
performed in order that additionally high crystallinity may be
obtained. Examples of the cloth to be used in the rubbing
treatment include, but not limited to, rayon, cotton, and silk.

The thickness of the B layer to be obtained through those
operations is preferably 10 to 200 nm, or more preferably 20
to 150 nm. The thickness can be measured by using, for
example, a surface roughness meter or a level difference
meter.

The replacement of the B layer with any other general
organic semiconductor compound such as phthalocyanine is
also possible.

In addition, an organic film obtained in the present inven-
tion, which is most preferably used in a filed effect transistor,
is applicable to any other device or the like.

FIGS. 1B and 1C are an enlarged schematic sectional view
showing part of the field effect transistor of another example
of the present invention. The field effect transistor of the
present invention shown in FIGS. 1B and 1C is composed of
a substrate 8, a gate electrode 1, a gate insulating layer 2, a
layer 3 (A layer) containing a polymer compound, a source
electrode 4, a drain electrode 5, and an organic semiconductor
layer 6 (B layer).

The gate electrode, the source electrode, and the drain
electrode are not particularly limited as long as they are made
of conductive materials. Examples of the materials include:
platinum, gold, silver, nickel, chromium, copper, iron, tin,
antimonial lead, tantalum, indium, aluminum, zinc, magne-
sium, and alloys of those metals; conductive metal oxides
such as an indium-tin oxide; and inorganic and organic semi-
conductors with increased conductivities through doping and
the like such as a silicon single crystal, polysilicon, amor-
phous silicon, germanium, graphite, polyacetylene, polypar-
aphenylene, polythiophene, polypyrrole, polyaniline, poly-
thienylenevinylene, and  polyparaphenylenevinylene.
Examples of a method of producing an electrode include a
sputtering method, a vapor deposition method, a printing
method from a solution or a paste, an inkjet method, and a
dipping method. In addition, an electrode material is prefer-
ably one of the above materials that has small electrical resis-
tance at a contact surface with the semiconductor layer.

The insulating layer is not limited as long as the A layer can
be uniformly applied to the layer; the insulating layer is
preferably one having a high dielectric constant and a low
conductivity. Examples of a material for the insulating layer
include: inorganic oxides and nitrides such as silicon oxide,
silicon nitride, aluminum oxide, titanium oxide, and tantalum
oxide; and organic insulating materials such as polyacrylate,
polymethacrylate, polyethylene terephthalate, polyimide,
polyether, polyamide, polyamideimide, polybenzoxazole,
polybenzothiazole, a phenol resin, polyvinylphenol, and an
epoxy resin. An organic insulating material is preferable
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because a flexible, lightweight substrate can be produced. In
addition, an insulating layer the surface of which has high
smoothness must be formed in order that the A layer may be
uniformly applied to the insulating layer. In that case, a ther-
mosetting resin using a phenol resin, polyvinylphenol, or an
epoxy resin is preferable because the surface of the insulating
layer can be smoothened irrespective of a ground for the
insulating layer (such as a gate electrode) and the resin is
unaffected by a solvent upon formation of the A layer.

Examples of the substrate 8 to be suitably used in the
present invention include substrates made of silicon, glass, a
metal, a resin, and the like which have been processed into a
plate shape, a foil shape, a film shape, or a sheet shape. A resin
substrate is particularly preferable from the perspective of
flexibility and processability. Examples of materials of the
resin substrate to be used include polyethylene terephthalate
(PET), polyethylene naphthalate (PEN), polyimide (PI),
polyetherimide (PEI), polyether sulfone (PES), polysulfone
(PSF), polyphenylene sulfide (PPS), polyether ether ketone
(PEEK), polyarylate (PAR), polyamide imide (PAI), a poly-
cycloolefin resin, an acrylic resin, polystyrene, ABS, poly-
ethylene, polypropylene, a polyamide resin, a polycarbonate
resin, a polyphenylene ether resin, and a cellulose resin. An
organic-inorganic composite material obtained by mixing an
inorganic oxide particle with or bonding an inorganic mate-
rial to any one of those resin materials may be used. When the
gate electrode functions a substrate in FIG. 1B, a filed effect
transistor can be formed without using a substrate.

A field effect transistor structure in the present invention
may be of any one of a top contact electrode type, a bottom
contact electrode type, and a top gate electrode type. In addi-
tion, the structure is not limited to a horizontal type structure,
and may be a vertical type structure (structure in which one of
a source electrode and a drain electrode is present on the
surface of an organic semiconductor layer on the side of a
base material and the other is present on the surface of the
organic semiconductor layer on the side opposite to the base
material).

EXAMPLE

Hereinafter, Synthesis Examples and Examples are shown.
However, the present invention is not limited to these
examples.

Synthesis Example 1

Step 1-1

A mixed solution 0f 3.16 g (39.5 mmol) of 1,3-cyclohexa-
diene, 10.5 g (34.1 mmol) of trans-1,2-bis(phenylsulfonyl)
ethylene, and 200 ml of toluene was refluxed for 7 hours.
After that, the solution was cooled and concentrated under
reduced pressure to yield a reaction mixture. The crude reac-
tion product was recrystallized (chloroform/hexane) to yield
5,6-bis(phenylsulfonyl)-bicyclo[2.2.2]octa-2-ene  (13.8 g,
35.6 mmol, 90% yield).

Step 1-2

The reaction system of a mixed solution of 7.76 g (20
mmol) of the resultant 5,6-bis(phenylsulfonyl)-bicyclo
[2.2.2]octa-2-ene and 50 ml of anhydrous tetrahydrofuran
was replaced with nitrogen. Then, 2.425 ml (22 mmol) of
ethyl isocyanoacetate were added to the solution, and the
mixture was cooled to 0° C. Potassium t-butoxide (50 ml/1 M
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tetrahydrofuran (THF) solution) was dropped over 2 hours,
and the whole was stirred at room temperature for 3 hours.
After the completion of the reaction, dilute hydrochloric acid
was added, and then the reaction mixture was washed with a
saturated aqueous solution of sodium hydrogen carbonate,
distilled water, and a saturated salt solution in this order,
followed by drying with anhydrous sodium sulfate. The dried
product was purified by silica gel column chromatography
(chloroform) to yield -ethyl-4,7-dihydro-4,7-ethano-2H-
isoindole-1-carboxylate (3.5 g, 16 mmol, 80% yield).

Step 1-3

Under an argon atmosphere, a mixed solution of 0.42 g
(1.92 mmol) of the resultant ethyl-4,7-dihydro-4,7-ethano-
2H-isoindole-1-carboxylate and 50 ml of anhydrous THF
was cooled to 0° C. Then, 0.228 g (6 mmol) of lithium
aluminum hydride powder was added to the solution, and the
whole was stirred for 2 hours. After that, THF was removed
from the resultant, the remainder was subjected to extraction
with chloroform, and the extract was washed with a saturated
aqueous solution of sodium hydrogen carbonate, distilled
water, and a saturated salt solution in this order, followed by
drying with anhydrous sodium sulfate. The reaction solution
was filtered, replaced with argon, and shielded from light.
Then, 10 mg of p-toluenesulfonic acid were added to the
resultant, and the whole was stirred at room temperature for
12 hours. Further, 0.11 g of p-chloranil was added to the
mixture, and the whole was stirred at room temperature for 12
hours. Then, the mixture was washed with a saturated aque-
ous solution of sodium hydrogen carbonate, distilled water,
and a saturated salt solution in this order, followed by drying
with anhydrous sodium sulfate. After the concentration of the
solution, alumina column chromatography (chloroform) and
recrystallization (chloroform/methanol) were performed to
yield a metal-free tetrabicyclo body represented by the fol-
lowing general formula (29) (0.060 g, 0.097 mmol, 20%
yield).

General formula (29)

Step 1-4

A solution of 0.02 g (0.032 mmol) of the resultant metal-
free tetrabicyclo body and 0.019 g (0.1 mmol) of cupric
acetate monohydrate in a mixture of 30 ml of chloroform and
3 ml of methanol was stirred at room temperature for 3 hours.
The reaction solution was washed with distilled water and a
saturated salt solution, and was dried with anhydrous sodium
sulfate. After the concentration of the solution, the concen-
trated product was recrystallized with chloroform/methanol
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to yield a tetrabicyclo copper complex represented by the
following general formula (30) (0.022 g, 100% yield).

General formula (30)

Synthesis Example 2

Step 2-1

Pentacene (1.39 g, 5.0 mmol), vinylene carbonate (0.32 g,
5.0 mmol), and xylene (95 ml) were loaded into an autoclave,
and the whole was stirred at 180° C. for 72 hours. After the
reaction, the resultant was concentrated under reduced pres-
sure and dried, whereby a compound represented by the fol-
lowing general formula (31) was obtained (1.78 g, 98%).

General formula (31)

et
L L/
e

The compound obtained in Step 2-1 (1 g, 2.7 mmol) was
loaded into a reaction vessel, and was dissolved in 1,4-diox-
ane (30ml). (4 ml) NaOH (11.3 ml) was added to the solution,
and the whole was refluxed for 1 hour. After the completion of
the reaction, the reactant was poured into water, and the whole
was extracted with ethyl acetate. An organic layer was
washed with water and a saturated salt solution, dried with
anhydrous sodium sulfate, and concentrated under reduced
pressure. As a result, 6,13-dihydro-15,16-dihydroxy-6,13-
ethanopentacene represented by the following general for-
mula (32) was obtained (0.91 g, 100%).

General formula (32)

S
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Step 2-3

A reaction vessel was replaced with nitrogen, and dimethyl
sulfoxide (8.6 ml, 93.5 mmol) and methylene chloride (48 ml)
were added. After the temperature of the reaction vessel had
been cooled to -60° C., trifluoroacetic anhydride (11.7 ml,
84.3 mmol) was added, and the whole was stirred for 10
minutes. After the stirring, a solution prepared by dissolving
6,13-dihydro-15,16-dihydroxy-6,13-ethanopentacene
obtained in Step 2-2 (0.96 g, 2.7 mmol) in dimethyl sulfoxide
(4 ml) was slowly dropped to the reaction solution. After the
dropping, the resultant was stirred for 1.5 hours while the
temperature of the reaction vessel was kept at -60° C., and
then triethylamine (27.5 ml) was added. After that, the result-
ant was stirred for an additional 1.5 hours, and then the
temperature of the reaction vessel was returned to room tem-
perature. The reaction solution was poured into 150 ml of
10% hydrochloric acid, and the whole was extracted with
methylene chloride. An organic layer was washed with water
and a saturated salt solution, dried with anhydrous sodium
sulfate, and concentrated under reduced pressure. The result-
ant coarse product was washed with ethyl acetate, whereby
6,13-dihydro-6,13-ethanopentacene-15,16-dione repre-
sented by the following general formula (33) was obtained
(0.45 g, 50%).

General formula (33)
e}

ol

Synthesis Example 3

Next, description will be made by taking 2,6-dianthryl-9,
10-dihydro-9,10-ethanoanthracene-11,12-dione  as  an
example.

Step 3-1

2,6-dibromoanthracene (2.41 mmol, 0.67 g), vinylene car-
bonate (3.80 mmol, 0.21 ml), and xylene anhydride (10 ml)
were loaded into an autoclave, and the whole was subjected to
a reaction at 180° C. for 3 days. After that, the temperature
was returned to room temperature, and the resultant was
concentrated under reduced pressure. The resultant coarse
product was purified by means of silica gel column chroma-
tography. As a result, 2,6-dibromo-9,10-dihydro-9,10-etha-
noanthracene-cis-11,12-diyl carbonate represented by the
following general formula (34) was obtained (0.73 g, 72%).

General formula (34)
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Step 3-2

2,6-dibromo-9,10-dihydro-9,10-ethanoanthracene-cis-11,
12-diyl carbonate (0.58 mmol, 0.24 g) obtained in Step 3-1,
boronic ester (1.33 mmol, 0.40 g) obtained by a method as
described in the document (K. Ito, T. Suzuki, Y. Sakamoto, D.
Kubota, Y. Inoue, F. Sato, S. Tokito, Angew. Chem. Int. Ed.
2003, 42, 1159-1162), tetrakis(triphenylphosphine)palla-
dium (0) (0.066 mmol, 0.077 g), toluene (202 ml), and 1IN
Na,CO; (8.5 ml) were loaded into a flask, and the whole was

replaced with nitrogen and then the resultant was refluxed for 10

18 hours. After that, the temperature of the resultant was
returned to room temperature, and the resultant was filtrated
through Celite. The filtrated product was washed with tolu-
ene. After that, the filtrate was concentrated under reduced
pressure, and the resultant coarse product was purified by
silica gel chromatography, whereby 2,6-(2'-anthry1)-9,10-di-
hydro-9,10-ethanoanthracene-cis-11,12-diyl carbonate rep-
resented by the following general formula (35) was obtained
(0.089 g, 25%).

5

15

40

49.5 g of ethanol and 49.5 g of 1-butanol. 0.25 g of methylt-
rimethoxysilane, 0.05 g of an alkoxysilane having an amino
group, and 0.05 g of distilled water were added to the solution,
and the whole was stirred at room temperature for 48 hours.
The resultant solution was passed through a membrane filter
made of PTFE and having a pore size of 0.2 um, whereby each
of polymer solutions a to e was prepared. Table 1 shows the
alkoxysilane having an amino group in each polymer solution
and the addition amount of the alkoxusilane.

Preparation of Polymer Solution f

0.7 g of commercially available, flaky methylsilsesquiox-
ane (MSQ) (manufactured by SHOWA DENKO K K., trade
name GR650) was dissolved in a mixed solvent composed of
49.5 g of ethanol and 49.5 g of 1-butanol. 0.3 g of N-(2-
aminoethyl)-3-aminopropyltrimethoxysilane and 0.3 g of
distilled water were added to the solution, and the whole was
stirred at room temperature for 48 hours. The resultant solu-

General formula (35)

3oy
Oy

Step 3-3

2,6-(2'-anthryl)-9,10-dihydro-9,10-ethanoanthracene-cis-
11,12-diyl carbonate obtained in Step 3-2 (0.11 mmol, 0.067
g) was loaded into a mixed solution of 4N NaOH (2 ml) and
1,4-dioxane (4 ml), and the whole was replaced with nitrogen.
After that, the resultant was refluxed for 1 hour, and the
temperature of the resultant was returned to room tempera-
ture. Water was added to the resultant, and the whole was
extracted with chloroform. An organic layer was washed with
water and a saturated salt solution, dried with anhydrous
sodium sulfate, and concentrated under reduced pressure,
whereby a diol body was obtained. The resultant diol body
was subjected to Swern oxidation in the same manner as in
Synthesis Example 1 (Step 1-3). As a result, 2,6-dianthryl-9,
10-dihydro-9,10-ethanoanthracene-11,12-dione represented
by the following general formula (36) was obtained (0.046 g,
69%).
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tion was passed through a membrane filter made of PTFE and
having a pore size of 0.2 um, whereby a polymer solution f
was prepared.

Preparation of Polymer Solution g

0.7 g of commercially available, flaky methylsilsesquiox-
ane (MSQ) (manufactured by SHOWA DENKO K K., trade
name GR650) was dissolved in a mixed solvent composed of
49.5 g of ethanol and 49.5 g of 1-butanol. 0.25 g of methylt-
rimethoxysilane, 0.05 g of 3-aminopropyltriethoxysilane,
and 0.05 g of distilled water were added to the solution, and
the whole was stirred at room temperature for 48 hours. The
resultant solution was passed through a membrane filter made
of PTFE and having a pore size 0f 0.2 um, whereby a polymer
solution g was prepared.

Preparation of Polymer Solution h

Oily polydimethylsiloxane (manufactured by Dow Corn-
ing Toray Co., Ltd., trade name Dow Corning 200) was com-

General formula (36)

OOy <00

Preparation of Polymer Solutions a to e

pletely dissolved in 99 g of toluene, and the resultant solution

0.7 g of commercially available, flaky methylsilsesquiox- 65 was passed through a membrane filter made of PTFE and

ane (MSQ) (manufactured by SHOWA DENKO K K., trade
name GR650) was dissolved in a mixed solvent composed of

having a pore size of 0.2 pm, whereby a polymer solution h
was prepared.
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Preparation of Silica Sol i

0.95 g of methyltrimethoxysilane, 0.05 g of N-(2-amino-
ethyl)-3-aminopropyltrimethoxysilane, and 0.05 g of dis-
tilled water were added to a mixed solvent composed of 49.5
g of'ethanol and 49.5 g of 1-butanol. After that, the resultant
was stirred at room temperature for 48 hours, whereby asilica
sol 1 was prepared.

Preparation of Silane Solution j

1 g of 3-aminopropyltriethoxysilane was added to 99 g of
ethanol in such a manner that a uniform solution would be
obtained. The resultant solution was passed through a mem-
brane filter made of PTFE and having a pore size of 0.2 um,
whereby a silane solution j was prepared.

TABLE 1
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with internal air circulation at 180° C. for 60 minutes,
whereby the insulating layer 2 having a thickness of 500 nm
was formed. The entire surface was coated with a fluorine
resin, and the pure water contact angle of the surface was set
to 115° or more. After that, ultraviolet light was applied in a
source-drain electrode pattern, and the pure water contact
angle of the area to which ultraviolet light had been applied
was reduced to 50° or less. After that, the above-mentioned
silver particle paste (manufactured by NIPPON PAINT Co.,
Ltd., Fine Sphere SVE102) was supplied to the source-drain
electrode pattern, and the whole was heated in an oven with
internal air circulation at 180° C. for 30 minutes, whereby a
source-drain silver electrode was formed. Further, the entire

Amino group-containing alkoxysilane

Addition amount (wt %)

Polymer solution a

Polymer solution b /\/\
N Si(OCHL);

H

Polymer solution ¢

NN Ng00m),
Polymer solution d

HZN\/\N/_Q
H

Polymer solution e

Polymer solution f

Polymer solution g

HZN/\/\Si(OCHg)g

Silica sol i

Silane solution j

HZN/\/\Si(OCHg)g

H,N /\/\
\/\g Si(OCH;);

H>N /\/\
\/\E Ti(OCHg)Z

HN /\/\
\/\g Si(OCH,);

HoN /\/\
\/\g Si(OCH,);

5

Si(OCHz);

30

100

Examples 1 to 11

(Production of Resin Substrate)

An upper part of a PET substrate having a thickness of 188
um the surface of which had been provided with a phenol
resin planarization layer having a thickness of 3 um was
coated with a silver nanoparticle paste (manufactured by
NIPPON PAINT Co., Ltd., Fine Sphere. SVE102). After that,
the resultant was heated in an oven with internal air circula-
tion at 180° C. for 30 minutes, whereby a gate electrode
having a thickness of 130 nm was formed. An upper part of
the resultant was additionally coated with a thermosetting
resin composition of poly(p-vinylphenol) (weight average
molecular weight 12,000)/melamine crosslinking agent
(manufactured by SANWA CHEMICAL CO., LTD., trade
name Nikalac MX-750LM)/1-butanol/ethanol=7/3/63/27
(weight ratio). After that, the resultant was heated in an oven

50

55

60

65

surface was irradiated with ultraviolet light in such a manner
that the fluorine coating would be removed, whereby a resin
substrate 1 for evaluation on which the source-drain silver
electrode having a channel length [ of 50 pm and a channel
width W of 3 mm had been formed was produced.

Formation of Layer Containing Polymer Compound (B
Layer)

Any one of the polymer solutions a to f and the silica sol i
was applied to the surface of the resin substrate for evaluation
by a spin coating method (at a number of revolutions of 5,000
rpm). Next, the coating film thus obtained was cured by
heating in an oven with internal air circulation at 180° C. for
30 minutes. The thickness of the film measured with a stylus
level difference meter was about 10 nm. The water contact
angle ofthe surface ofthe substrate was measured with a fully
automatic contact angle meter (manufactured by Kyowa
Interface Science Co., LTD., trade name DCA-WZ). In addi-
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tion, solvent resistance is obtained when silanols or unreacted
alkoxides in a polymer solution are condensed by a dehydra-
tion or dealcoholization reaction to provide a polymer having
a silsesquioxane skeleton or an organosiloxane skeleton.
Therefore, judgement as to whether a polymer was suffi-
ciently cured to provide a compound having a siloxane skel-
eton or a compound having a silsesquioxane skeleton was
made on the basis of solvent resistance against chloroform.
Table 2 shows the pure water contact angle of the surface of
the substrate and the result of the visual evaluation for solvent
resistance.

Formation of Organic Semiconductor Layer (A Layer)

Formation of Organic Semiconductor Layer A-1

A 1-wt % solution of the non-metal tetrabicyclo body
(general formula (29)) synthesized in Synthesis Example 1 in
chloroform was applied to the substrate by a spin coating
method, whereby a coating film was formed (at a number of
revolutions of 1,000 rpm). After an unnecessary film except
one on a channel had been removed by using non-woven
fabric impregnated with chloroform, the substrate was heated
at 200° C. for 5 minutes, whereby an organic semiconductor
layer A-1 composed of a benzo body represented by the
following general formula (37) was formed. The thickness of
the organic semiconductor layer A-1 was about 80 nm.

L~

General formula (37)

e

Formation of Organic Semiconductor Layer A-2

A 1-wt % solution of the tetrabicyclo copper complex
(general formula (30)) synthesized in Synthesis Example 1 in
chloroform was applied to the substrate by a spin coating
method, whereby a coating film was formed (at a number of
revolutions of 1,000 rpm). After an unnecessary film except
one on a channel had been removed by using non-woven
fabric impregnated with chloroform, the substrate was heated
at 200° C. for 15 minutes, whereby an organic semiconductor
layer A-2 composed of a benzo body represented by the
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following general formula (38) was formed. The thickness of
the organic semiconductor layer A-2 was about 80 nm.

L~

General formula (38)

Ot

Formation of Organic Semiconductor Layer A-3

A 1.5-wt % solution of 6,13-dihydro-6,13-ethanopenta-
cene-15,16-dione (general formula (33)) synthesized in Syn-
thesis Example 2 in chloroform was applied by a spin coating
method, whereby a coating film was formed (at a number of
revolutions of 1,000 rpm). An unnecessary film except one on
a channel was removed by using non-woven fabric impreg-
nated with chloroform. After that, the substrate was mounted
on a hot plate set at 130° C., and was irradiated with light of
a metal halide lamp (PCS-UMX 250) manufactured by NIP-
PONPI. CO.,LTD. the wavelength of which had been cut off
with a heat absorbing filter and a blue filter for 5 minutes. As
a result, an organic semiconductor layer A-3 composed of
pentacene was formed. The thickness of the organic semicon-
ductor layer A-3 was about 100 nm.

Formation of Organic Semiconductor Layer A-4

A 1.5-wt % solution of 2,6-dianthryl-9,10-dihydro-9,10-
ethanoanthracene-11,12-dione (general formula (36)) syn-
thesized in Synthesis Example 3 in chloroform was applied
by a spin coating method. The number of revolutions was set
to 1,000 rpm. As a result, a coating film was formed. An
unnecessary film except one on a channel was removed by
using non-woven fabric impregnated with chloroform. After
that, the substrate was mounted on a hot plate set at 130° C.,
and was irradiated with light of a metal halide lamp (PCS-
UMX 250) manufactured by NIPPON P.I. CO., LTD. the
wavelength of which had been cut off with a heat absorbing
filter and a blue filter for 5 minutes. As a result, an organic
semiconductor layer A-4 composed of a compound repre-
sented by the following general formula (39) was formed. The
thickness of the organic semiconductor layer A-4 was about
100 nm.

General formula (39)



US 7,435,989 B2

45

Evaluation of Transistor Characteristic

TheV 1,and V-1, curves of the produced transistor were
measured by using a Parameter Analyzer 4156C (trade name)
manufactured by Agilent.

The mobility u (cm?/Vs) was calculated in accordance with

the following equation (1).
LA CiWRLX (V= V)’ (Eq. 1)

In the equation, Ci represents the capacitance per unit area
of the gate insulating film (F/cm®), W and L represent a
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Comparative Example 3

The polymer solution h was applied to the surface of the
resin substrate for evaluation by a spin coating method, (at a
number of revolutions of 5,000 rpm). Next, the coating film
was cured by heating in an oven with internal air circulation
at 180° C. for 30 minutes. The surface of the coating film was
observed with an optical microscope. As a result, it was
observed that polymers were nonuniformly dispersed and

. . 10" hence the coating film was whitish. Solvent resistance against
channel width (mm) and a channel length (pm) shown in the chloroform was confirmed. As a result, the coating film was
example, respectively, and L, V., and V,,, represent a drain dissolved at room temperature, so an organic semiconductor
current (A), a gate voltage (V), and a threshold voltage (V), layer could not be formed
respectively. Inaddition, a ratio between1,’s atV,=-40V and )
0V atV,_=-40V was provided as an ON/OFF ratio. Table 2 {5 Comparative Examples 4 and 5
shows the results.

Comparative Examples 1 and 2 A silane compound was applied by a dip coating method
involving: immersing the glass substrate 1 for evaluation or a

The polymer solution g was applied to the surface of the resin su‘.bsFrate 2 for evaluation in the sile}ne solution j; and
resin substrate for evaluation by a spin coating method (at a slowly lifting the substrate. Next, the coating film was baked
number of revolutions of 5,000 rpm). Next, the coating film in an oven Wlth internal air circulation at 180° C. for 30
was cured by heating in an oven with internal air circulation =~ minutes. The thickness of the film could not be accurately
at 180° C. for 30 minutes. The thickness of the film measured measured with a stylus level difference meter because the
with a stylus level difference meter was about 10 nm. Evalu- . thickness was 5 nm or less. Evaluation for: the water contact
ation for: the water contact angle of the surface of the sub- angle of the surface of the substrate; and solvent resistance
strate; and solvent resistance against chloroform was visually against chloroform was performed in the same manner as in
performed in the same manner as in any one of the examples. any one of the examples.

Further, an organic semiconductor layer was formed in the Further, an organic semiconductor layer was formed in the
same manner as in the organic semiconductor layer B or the 5, same manner as in the organic semiconductor layer B or the
organic semiconductor layer C, and was evaluated for tran- organic semiconductor layer C, and was evaluated for tran-
sistor property in the same manner as that described above. sistor property in the same manner as that described above.
Table 2 shows the results. Table 2 shows the results.

TABLE 2
Organic Solvent resistance  Pure water
semiconductor of crystallization contact angle Mobility
layer promoting layer ®) cm?/Vs On/Off
Example 1 Polymer A Good 86 0.20 13,000
solution a
Example2  Polymer B Good — 1.21 3,200
solution a
Example 3 Polymer C Good — 0.19 3.5x10°
solution a
Example4  Polymer D Good — 0.022 42x10*
solution a
Example 5 Polymer B Good 86 0.93 2,900
solution b
Example 6  Polymer B Good 85 0.88 3,500
solution ¢
Example 7 Polymer B Good 86 1.01 1,600
solution d
Example 8  Polymer C Good — 0.11 1.1x10°
solution d
Example9  Polymer B Good 84 0.75 2,000
solution &
Example 10 Polymer B Good 79 0.79 1,200
solution
Example 11  Silica soli B Good 82 0.65 1,400
Comparative Polymer B Good 85 0.31 25
example 1 solution g
Comparative Polymer C Good — 0.035 8,500
example 2 solution g
Comparative Polymer B Bad 101 Unmeasurable Unmeasurable
example 3 solution h
Comparative  Silane B — 70 8.1x1073 10
example 4 solution j
Comparative Silane C — — 23 %1073 1,200
example 5 solution j
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While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2005-258567, filed Sep. 6, 2005, which is
hereby incorporated by reference herein in its entirety.

What is claimed is:

1. A semiconductor device comprising:

a substrate;

a layer containing one or more kinds of polymer com-

pounds on the substrate; and

an organic semiconductor layer in contact with the layer

containing the one or more kinds of polymer com-
pounds,

wherein at least one kind of the one or more kinds of

polymer compounds comprises a polymer compound
having one or more secondary or tertiary aliphatic amino
groups,

wherein the one or more aliphatic amino groups is present

in at least one of a side chain and a branched chain of the
polymer compound having the one or more aliphatic
amino groups,

wherein the layer containing the one or more kinds of

polymer compounds contains polysiloxane compounds,
and

wherein at least one kind of the polysiloxane compounds

comprises a compound having a siloxane structure rep-
resented by any one of the following general formula (4),
the following general formula (5), and the following
general formula (6):

General formula (4)

General formula (5)
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-continued

General formula (6)
Ros

N—Ry

Ryy

IL_RZS

u

Rag

—F
Si—O
| t

Rso

where R, 5, R, R;g, Rog, Rasy Rys, Ry, and R, each in
dependently represent a hydrogen atom, a substituted or
unsubstituted alkyl group, alkenyl group, or alkynyl
group having 1 to 12 carbon atoms, a benzyl group, a
phenethyl group, or a styryl group; any one combination
of Rjsand R ¢, R;5 and R,4, R and R,,, and R, 5 and
R, may bind to each other to form a ring structure; one of
R,s and R, represents a substituent except a hydrogen
atom; R, R,;, Rs3, R,,, and R, each represent a diva-
lent organic group which has 1 to 12 carbon atoms and
which is not directly bound to an aromatic ring; R, 5, R4,
and R, each represent a hydroxyl group, a substituted or
unsubstituted alkyl group, alkenyl group, alkynyl group,
or alkoxyl group having 1 to 12 carbon atoms, a benzyl
group, a phenethyl group, a styryl group, or a siloxane
unit; r, s, and t each represent an integer of 1 or more; and
u represents an integer of 2 or more.

2. The semiconductor device according to claim 1, wherein
the organic semiconductor layer comprises a low-molecular
weight organic semiconductor.

3. The semiconductor device according to claim 1, wherein
the organic semiconductor layer comprises one of an acene-
based compound or a porphyrin compound.

4. The semiconductor device according to claim 1, wherein
a first surface of the layer containing the one or more kinds of
polymer compounds is in contact with the organic semicon-
ductor layer, and a second surface of the layer containing the
one or more kinds of polymer compounds is in contact with an
organic resin layer, said first and second surfaces being oppo-
site to one another.

5. The semiconductor device according to claim 1, wherein
the layer containing the one or more kinds of polymer com-
pounds is a crystallization promoting layer.

6. The semiconductor device according to claim 5, wherein
the crystallization promoting layer has a function of promot-
ing bonding between crystal grains.



